ABSTRACT: Th e present work was carried out to investigate the correlation between viral load and the cytokine profi le and virus specifi c antibody levels at fi ve day intervals up to 25 days post infection (dpi) in various tissues of chicks infected with chicken infectious anaemia virus (CIAV) at six weeks of age (sub-clinical infection). For determining the viral load in the various tissues, recombinant plasmid VP2-pET32b was prepared and serially diluted tenfold for the generation of a standard curve using real time polymerase chain reaction (PCR). Cytokine fold changes in mRNA levels of IFN-γ, IL-1, IL-2, IL-12 in the spleen and IFN-γ, IL-12 in freshly collected whole blood were determined. Th e results showed that peak viral load occurs between 10-20 days post infection in the lymphoid tissues viz., thymus, spleen, liver, bone marrow, bursa and also blood, being highest in blood followed by thymus. A varied response in the expression levels of individual cytokines was observed during all the intervals post infection. Th e IFN-γ increased two to fi ve fold in blood and spleen while IL-2 decreased in the splenic tissue during the same period. Peak IFN-γ coincided with peak viral load in the spleen at 10 dpi while in blood it peaked earlier at fi ve days post infection and remained high during the peak viral load at 10-20 dpi. Virus specifi c antibodies were signifi cantly higher at 15 dpi and were thereafter found to be strongly associated with viral load regression although higher concentrations of virus remained in the blood and thymic tissues until 25 dpi, indicating a role of other immune components in virus clearance. In conclusion, this study reports a negative correlation of viral load and the progression of the antibody response and IFN-γ cytokine expression in chicks infected with CIAV during their sub-clinical infectious stage. However, cytokine expression from the various individual immune cells like monocytes, heterophils, CD4 + T, CD8 + T cells and others during the pathogenesis of this immunosuppressive poultry pathogen remains to be elucidated.
Chicken infectious anaemia virus (CIAV), the smallest avian pathogen, is responsible for severe anaemia, generalised lymphoid atrophy, reduced weight gain and immunosuppression and vaccine failures, especially in young chicks of less than three weeks of age (McNulty 1991; Pope 1991; Schat , 2009 Dhama et al. 2008) . The viral genome consists of a circular, non-enveloped, negative-sense, single stranded DNA of 2.3 kb that contains three partially overlapping major open reading frames (ORFs) encoding three proteins; namely, VP1, VP2 and VP3 (Todd 2000; Miller et al. 2005; Natesan et al. 2006a ). The VP1 (51 kD) acts as a major capsid protein, VP2 (24 kD) acts as a scaffold protein and is essential for the virus assembly, while VP3 (13 kD), also known as apoptin, is important for the disease pathogenesis and apoptosis (Noteborn 2004; Miller et al. 2005; Natesan et al. 2006b ). The virus has been classified under the genus Gyrovirus of the family Circoviridae (Pringle 1999) . Due to its unique structure CIAV has remarkably high physical, chemical and ther-mal stability (Yuasa 1992) . Also, the virus possesses other unique features like vertical transmission and a highly contagious nature due to which it is ubiquitously found in the wild and exhibits worldwide distribution (McNulty et al. 1988; Todd 2000; De Herdt et al. 2001; Dhama et al. 2008; Schat 2009; Oluwayelu 2010; Bhatt et al. 2011; Snoeck et al. 2012; Nayabian and Mardani 2013) .
Infections with CIAV generally cause severe and acute clinical disease in young chicks up to 3-4 weeks of age, after which age resistance to clinical infection has been reported to develop. Sub-clinical and persistent latent viral infections occurring in adult broiler and layer chickens are associated with production losses and vaccination failures (Hagood et al. 2000; Senthilkumar et al. 2002; Miller and Schat 2004; Dhama et al. 2008; Hoerr 2010) . Pathogenesis of the virus involves adsorption and penetration of the virus into haematopoietic precursor (haemocytoblasts) and thymic precursor (lymphoblasts) cells in the bone marrow and thymus cortex, respectively, at 6-8 days post infection (dpi), leading to transient severe anaemia and immunosuppression (Goryo et al. 1989a,b; Adair 2000; Noteborn 2004 ). CIAV has specific tropism for lymphoid tissues, particularly for the thymus cortex (T cells preferably), and affects lymphopoiesis so that there is depletion of thymic lymphoblastoid cells and lymphocytes in the thymus (precursor T cells), spleen (mature T cells) and other lymphoid tissues (Jeurissen et al. 1992; Smyth et al. 1993; . Pathogenesis of the virus with regard to the role of viral load on body weight gain, haematocrit values and antibody titres has been previously studied in CIAV-infected embryos and young chicks (Tan and Tannock 2005) . Also, it was found that CIAV can also replicate in susceptible adult chicks at higher concentrations in the liver, thymus and spleen (Kaffashi et al. 2006; Smyth et al. 2006) . Limited reports are available regarding the effect of CIAV on cytokine production especially those involved in cell-mediated immunity (Adair et al. 1991; McConnell et al. 1993a,b; Markowski-Grimsrud and Schat 2003; Basaraddi et al. 2013 ). Development of virus-specific antibodies is regarded as essential for virus clearance in chicks and for the recovery from clinical signs; however, the correlation of antibody titre with viral load regression and/or clearance has not been studied. Therefore, the present study was carried out to determine the correlation between virus load, cellmediating cytokines (IL-2, IFN-γ, IL-12, IL-1) and virus-specific antibody titres in the serum during subclinical experimental CIAV infection of chicks. Experimental design. Chicks (n = 32), at the age of six weeks were randomly and equally divided into two groups, Infected and Control. All the chicks of the Infected group were inoculated intramuscularly with a 10 4.5 median tissue culture infective dose (TCID 50 ) of the MDCC-MSB1 passaged CIAV-E isolate, while the control chicks received uninfected cell lysate as described previously (Natesan et al. 2006a) . All the chicks were regularly monitored for the development of clinical signs of the disease and weighed at five day intervals. Three birds from both groups were sacrificed humanely at 5, 10, 15, 20 and 25 days post infection (dpi) to assess the viral load in various tissues viz., thymus, spleen, bursa, liver, bone marrow and whole blood. Quantitative real time polymerase chain reaction (q real time-PCR) was employed to determine the viral copy number in the tissues of CIAV-infected chicks; the VP2-pET plasmid was prepared and used for making the standard curve. The mRNA expression levels of the cytokines viz., IL-1β, IL-2, IL-12β and IFN-γ were evaluated in splenic tissue samples, and IFN-γ and IL-12 levels were determined in freshly collected whole blood.
MATERIAL AND METHODS
Preparation of VP2-pET plasmid for standard curve. The entire VP2 gene (Accession No. AY583757.1) of CIAV was PCR-amplified using the VP2F (accaagaattcaatgcacgggaacggcggac) and VP2R (tcctctcgagtcacactatacgtaccggggcg) primers. The amplified PCR products were processed using a PCR purification kit and double-digested, along with the pET32b vector, using EcoRI and XhoI enzymes. Both the digested products were run on a 1% agarose gel, purified using the QIAquick gel extraction kit (Qiagen, Hilden, Germany) and ligated together using DNA ligase. The ligated product was amplified by transformation in E. coli (DH5α) and purified using the QIAamp DNA Mini Kit (Qiagen, Hilden, Germany). The resulting purified plasmid was linearised by digestion with the PvuI restriction enzyme. The concentration of the digested DNA was calculated by measuring the absorbance at 260 nm (A260) using a previously described formula (Kaffashi et al. 2006) . For the generation of the standard curve, 10-fold serial dilutions of the linearised plasmid containing 10 8 to 10 copies of plasmid were used in triplicates along with non-template controls.
Tissue DNA isolation. Tissue samples, 25 mg each, of spleen, liver, thymus, bursa and blood were used for isolation of whole DNA using the DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany) as per the manufacturer's recommendations. The isolated DNA samples were diluted to 1 : 100 in order to avoid possible inhibitory effects on efficient PCR reaction by tissue inhibitory substances (Trichopad et al. 2004; Kaffashi et al. 2006) .
Total RNA isolation and complementary-DNA synthesis. Total RNA was isolated from 100 μl of freshly collected blood using TRIzol Reagent (Invitrogen, USA) as per the single-step RNA isolation protocol prescribed by Invitrogen (Chomczynski and Sacchi 1987) . Th e quality and quantity of extracted RNA was checked using a NanoDrop ® ND-1000 spectrophotometer (Th ermo Scientifi c, USA). RNA samples with A280/A260 ratios in the range of 1.8 to 2.0 and A260/A230 ratios in the range of 2.0 to 2.2 were considered pure and used for cDNA synthesis.
Complementary DNA (cDNA) synthesis from total RNA (1 μg per reaction) was carried out on a thermal cycler in 20 μl volumes using random hexamer primers and Revert Aid First-Strand cDNA Synthesis kit (Thermo Scientific, USA) as per the manufacturer's recommendations.
Quantitative real time PCR. For quantification of the viral DNA in the various tissues and the mRNA expression levels of β actin, IL-1β, IL-2, IL-12β, and IFN-γ, isolated DNA samples and the cDNA samples of the respective blood and spleens were subjected to real time PCR analysis using a MX 3000P thermal cycler (Stratagene, CA, USA). Duplicate sets of each reaction sample were prepared using 10 μl of QuantiFast SYBR Green PCR Master Mix (Qiagen, Hilden, Germany), 2.5 pmole each of gene-specific forward and reverse primers, 2 μl of 1 : 100 diluted DNA samples or 100 ng of cDNA and nuclease-free water to make final reaction volume of 20 μl. Non-template controls were also tested in the real-time quantification assay. The specificity of the target gene products was confirmed by analysis of the dissociation curve generated by the software at annealing temperatures through 95 °C. All the primers used in this study were obtained from Integrated DNA Technologies (IDT, Coralville, Iowa USA) (Table 1) . Amplification conditions comprised an initial incubation at 95 °C/10 min for activation of hot start DNA polymerase, followed by 40 cycles of amplification with denaturation at 95 °C for 15 s, combined annealing and extension at 60 °C for 30 s for the VP2 gene and separate annealing and extension at 60 °C for 20 s and 72 °C for 30 s, respectively, for all other genes.
Enzyme-linked immunosorbant assay (ELISA). Serum samples were collected from both chicks of the control and virus-infected groups from 0-25 dpi at five day intervals to monitor the development of CIAV-specific antibodies using a commercially available CIAV Elisa Kit (IDEXX Laboratories, Maine, USA). Sera samples were diluted 100-fold and tested as per the manufacturer's recommended protocol.
Statistical analysis. All the values obtained in the study are represented as mean ± SD. Viral copy numbers for each tissue sample were interpolated from the generated standard curve. For cytokine expression levels, values were normalised to the endogenous control (beta-actin) and the fold changes in the target genes were determined using the 2 -ΔΔ Ct method of Livak and Schmittgen (2001) . The analysis of variance (ANOVA) followed by a post-hoc Tukey's test was used to determine significant differences between values using SPSS v.16.0 statistical software. P-values of less than 0.05 were considered to be significant.
RESULTS

Effect of CIAV infection on body weight and thymus : body weight ratio
Characteristic clinical signs of chicken infectious anaemia (CIA) were not observed in the chicks of the infected group but CIAV inoculation was found to reduce the body weight gain and significant differences were found between infected and control chicks at 15 and 25 dpi (P < 0.05). Also, significant differences (P < 0.05) in the thymus:body weight ratios were observed from 15 dpi onwards in the sacrificed chicks (Figure 1 ). The chicks of the control group remained healthy throughout the experiment.
Standardisation of quantitative PCR for viral load
Amplification of the entire VP2 gene of CIAV employing the VP2F and VP2R primer set resulted in the generation of a virus-specific product 680 bp in size. The recombinant VP2-pETb2(b) plasmid was confirmed by PCR, gene insert release and finally by sequencing. Amplification of the VP2 gene using the quantitative real-time PCR primer set produced the expected product size of 178 bp (Figure 2) .
The standard curve generated for the quantification of viral load indicated a linear relationship between the amount of input plasmid DNA and the Ct values over eight log 10 dilutions. The equation for the standard curve and correlation coefficient 
Viral loads in various body organs
The CIAV genome was detected in all the chicks of the infected group sacrificed at five day intervals up to 25 days post infection. The highest copy number of the viral genome was found in the blood and thymus as compared to bone marrow, liver, bursa and spleen on all the post-infection days tested. Peak levels of CIAV genome were observed between 10 and 20 dpi in blood (log 10 7.63 ± 1.21 to 6.82 ± 0.78), thymus (log 10 6.29 ± 0.64 to 5.46 ± 0.74), bone marrow (log 10 5.21 ± 0.23 to 4.23 ± 0.44), bursa (log 10 5.49 ± 0.23 to 4.18 ± 0.64), spleen (log 10 5.01 ± 0.32 to 3.61 ± 0.23) and liver (log 10 4.41 ± 0.81 to 3.82 ± 0.12), respectively. A downward trend in the viral copy number was observed from 15 dpi onwards, although significantly higher levels were Figure 2 . Amplifi cation of the VP2 gene of CIAV using different primer sets as described in the Materials and Methods: M = 1 kp plus marker; 1 and 2 = amplifi cation product of the entire VP2 gene using expression primer set along with recombinant plasmid and virus DNA respectively; 3 = amplifi ed product of recombinant plasmid using q-real time PCR primer set; 4 = non-template control 
Correlation between viral load and cytokine mRNA expression levels
In the first step, the efficiencies of various primers were determined using five-fold serially diluted cDNA samples. It was found that all the primers used in this study were highly efficient for amplifying the various target gene products (1.95-2.07) ( Table 1 ). In the second step, the effect of CIAV infection on IL-1β, IL-2, IL-12β and IFN-γ transcript levels in spleen were determined at 5, 10 and 15 dpi. CIAV infection was found to significantly influence the expression levels of all these cytokines. The relative mRNA expression levels of IFN-γ (2.60 ± 0.44) and IL-1 (1.57 ± 0.22) were significantly increased (P < 0.05) on 10 dpi compared to five and 15 dpi intervals. On the other hand, IL-2 and IL-12 levels were decreased on all the post-infection days tested except on 15 dpi at which time increased transcript levels of IL-12 were found. Comparing the splenic viral load with cytokine mRNA transcript levels revealed that IFN-γ levels peaked at five days before the peak viral load while IL-12 levels peaked together with that of the peak viral load ( Figure 5 ).
Expression levels of IFN-γ and IL-12 were also determined in freshly collected whole blood. The levels of IFN-γ were significantly increased at all the post infection intervals in blood and peak levels (5.20 ± 1.34) were found at 5 dpi. The transcript levels of IL-12 were first increased (2.34 ± 0.33) at five dpi and then returned to basal levels. Comparison of the IFN-γ profile with viral load indicated that peak IFN-γ levels were achieved five days before the peak viral load in whole blood. As the peak viral load was maintained from 10 to 15 dpi, significantly higher concentrations (2.40 ± 0.62 to 2.34 ± 0.41) of IFN-γ were also observed in the whole blood during that period (Figure 6 ).
Anti-CIAV antibody levels in serum and viral load in blood
CIAV-specifi c antibody development started after 10 dpi in the chicks of the virus-infected group, reached its maximum level at 15 dpi at which point the titres were maintained at relatively constant levels up to 25 dpi. Th e antibody titres in the infected chicks were signifi cantly diff erent from the chicks of the control group from 15 dpi onwards. Since competitive ELISA was used in the CIAV ELISA Kit, higher values indicate the absence of antibody and vice-versa. All the control chicks were found to be negative for CIAV antibodies throughout the experiment even when 1 : 10 serum dilutions were used during the ELISA testing. Comparison of the virus load in the whole blood with the serum anti-CIAV antibody levels was also made, which is presented in Figure 7 . It was found that together with the increase in antibody levels in serum the virus load started decreasing from 15 dpi in the blood and was lowest at 25 dpi.
DISCUSSION
Infection of adult chicks with CIAV generally does not cause clinical disease albeit subclinical infections frequently occur which have been found to be associated with significant economic losses Hoop 1992; Hagood et al. 2000; Dhama et al. 2008) . The transmission and spread of CIAV infections in adult birds occur through horizontal spread, which does not induce clinical disease (chicken infection anaemia). Clinical disease is generally observed in young chicks (one to three weeks) which are infected either vertically or horizontally. Development of age resistance to clinical disease has been found to occur after three to four weeks of age, though all ages are susceptible to virus infection. The present study reports the correlation between cytokine profile, antibody titre and viral load during sub-clinical infection of chicks with CIAV. Significant losses in body weight were observed along with marked a negative effect on thymus weight in the experimental CIAV-infected chicks inoculated intramuscularly at six weeks of age. However, as infection was subclinical clinical signs of CIA and mortality were not observed. Other factors which influence the severity of infection include the dose of inoculums, age of the bird, immunocompetence, concurrent immunosuppressive agents and management practices. Subclinical infections in older chickens have also been reported to cause substantial economic losses by affecting growth and production performance and the health status of birds.
The primary cells targeted during the pathogenesis of CIAV infection include haematopoietic precursor (haemocytoblasts) and thymic precursor (lymphoblasts) cells in the bone marrow and thymus cortex, respectively (Goryo et al. 1989a,b; Smyth et al. 1993; Adair 2000) . Virus spreads by viraemia and CIAV antigen can be detected in cells of the bone marrow, thymus and spleen at three to four days post-infection and subsequently in other tissues like the liver, proventriculus, duodenum, lung, kidneys and heart, indicating its wide distribution throughout the body (Hoop and Reece 1991; Smyth et al. 1993) . In this study, virus load in both the primary and secondary lymphoid tissues including the blood and liver was studied in a temporal fashion using SYBR Green quantitativereal time PCR, which is a rapid, highly sensitive, cost-effective, reproducible and reliable method for virus quantification (Niesters 2001; Ponchel et al. 2003; Abdul-Careem et al. 2006) . It was found that the virus concentration increased in all the tissues (thymus, bone marrow, spleen, bursa, liver, blood) and was highest between 10 to 20 dpi. Though thymus and bone marrow are the primary targets of viral infection, the highest concentration was found in blood which may be due to the release of infected cells into the blood from the primary lymphoid organs. Increases in the thymic viral load were found to be associated with its tissue degeneration as lower thymus to body weight ratios were observed from 10 dpi onwards. Such effects were observed by others when virus was inoculated at a clinically susceptible age (Kaffashi et al. 2006; Smyth et al. 2006) . Dissemination of the virus from Figure 7 . Comparison between the CIAV-specifi c antibody levels in the serum and the virus load in blood. Th e virus-specifi c antibodies were detected using ELISA and expressed as signal-to-noise ratio of optical densities (absorbance, A 630 ) and virus load as copy number (log 10 /g); *P < 0.05 Viral copy number (log 10 /g tissue) ELISA S/N O.D. ratio
Infected
Control Virus load the primary lymphoid tissues to other organs may be the primary cause of the increase in viral load in other tissues. However, the virus can also replicate in secondary tissues as virus transcript levels were reported in these tissues (Markowski-Grimsrud and Schat 2003) . The amount of viral load in all the tissues started regressing after 15 dpi though higher concentrations were observed even at 25 dpi in the thymus and blood. Cell-mediated immunity (CMI) is regarded as an integral and essential component for viral elimination and is driven by various cytokines viz., IFN-γ, IL2, IL-1, IL-12 and others, and functions to induce the Th 1 type of immune response (Kaiser and Staheli 2008) . In the present study, these cytokines were studied in the spleen and blood in a temporal fashion for the first time in comparison with respective viral loads in these organs. Transcript levels of IFN-γ in the whole blood were found to increase five-fold on five dpi and two-fold both on 10 and 15 dpi while a delayed response was observed in the spleen, where only a 2.5-fold increase was observed at 10 dpi. Markowski-Grimsrud and Schat (2003) also found that CIAV infection increased transcript levels of IFN-γ in the splenic tissue at seven dpi, though varying responses were observed depending on the age of the infected chicks. The transcript levels of IL-12, a driving inflammatory Th 1 cytokine, followed the same trend of IFN-γ in blood while in spleen its expression was decreased at five and 10 dpi and then increased by 15 dpi. In contrast to IFN and IL-12 responses, IL-2 expression levels in the spleen were significantly decreased both on five and 10 dpi and then came back to normal levels at 15 dpi. Such an inhibitory effect of CIAV on IL-2 in splenocytes, although higher as assessed indirectly in splenocyte cell culture from infected chicks, was observed by other researchers (Adair et al. 1991; McConnell et al. 1993a) . IL-2 is a leukocytotrophic hormone secreted mainly by CD4 + T cells and is instrumental in discriminating between foreign (non-self ) and self-antigens by stimulating the growth, differentiation and survival of antigen-selected cytotoxic T cells (Beadling et al. 1993; Beadling and Smith 2002) . Also, more recently, Vaziry et al. (2011) found that a CIAV vaccinal strain led to persistent viral presence in the spleen with a decreased CD4 + T cell population. The depression in the cytokine profile in our study, especially that of IL-2, may be due to diminished CD4 + T cell population and is one of the possible mechanisms/or at least an associated component for the impairment in the generation of pathogenspecific cytotoxic T cells during concurrent infections and vaccination failures which generally occur during CIAV infections.
Recovery from CIAV infection is said to be mainly due to induction of the humoral immune response as B lymphocytes are resistant to CIAV infection (Adair 2000) . In the present study, anti-CIAV antibodies in the serum of the infected chicks were observed from 10 dpi onwards and the values were significantly different from 15 dpi onwards from the respective control group. The appearance of antibodies in the serum was found to be associated with viral clearance as viral load after 15 dpi was lower (6.82 ± 0.78 and log 10 5.52 ± 0.21) at 20 and 25 dpi respectively, compared to the viral load at 10 dpi (log 10 7.63 ± 1.21) in blood. The regression in the viral load was found not only in the whole blood as shown in the Figure 4 but also in other organs from 15 dpi onwards. Although the significantly higher anti-CIAV antibody titres observed on 15 dpi were maintained up to end of the study (25 dpi), still higher viral concentrations in the blood and thymus were found. Such observations indicate other immune components are also responsible for complete recovery. IFN is regarded as vital and central during viral infection as it is involved both in induction and regulation of innate and adaptive antiviral mechanisms. In the present study we found that IFN levels increased both in the blood as well as in splenocytes at various post-infection intervals, although a higher effect was observed in the blood compared to spleen. Complete removal of virus-infected cells depends on the generation of virus-specific CD8 + T cells. A delay in virus clearance may be due to lower numbers of virus-specific cytotoxic cells as CIAV is said to deplete CD8 + T cells also (Markowski-Grimsrud and Schat 2003) . Moreover, in adult birds CIAV has been found to be present as a latent and persistent infection in gonads (Cardona et al. 2000) . Though not studied in detail, this type of CIAV association with its host is said to be a unique host-parasite relationship in which virus replication is influenced by hormones (Miller and Schat 2004; Schat 2009 ). The association and transmission of CIAV from Marek's disease-infected feather follicles and lymphoma was studied recently (Davidson et al. 2008; Haridy et al. 2012 ), but the relationship between Marek's disease virus and other oncogenic viruses which infect lymphoid organs and CIAV infection, especially in adult birds, remains to be addressed.
Elucidating the associations and interactions of different avian viral pathogens will be of importance in determining their coexistent nature, heterodynamic and evolutionary significance.
The present data indicate an immunosuppression of chicks during sub-clinical infection. It is thought that CIAV induces immunosuppresion and can render adult birds susceptible to a variety of secondary infections (viral, bacterial or fungal origin); can depress vaccinal immunity against other poultry pathogens; may enhance vaccination reactions; aggravates the residual pathogenicity of attenuated vaccine viruses and increases the chances of the emergence of variant viruses thus leading to vaccine failure/outbreaks. Thus, the virus could play an important role both in the occurrence of various diseases in field and backyard rearing systems as well as in many of the diseases encountered in flocks raised under the high-density conditions of modern poultry production.
Taken together, these fi ndings confi rm that lymphoid tissues are the primary targets for CIAV infection and peak levels of virus were found in the blood followed by the thymus and other tissues on all post-infection days. Varying responses with regard to individual cytokines were observed indicating the immunosuppressive nature of the virus; levels of IL-2 and IL-1 decreased signifi cantly. Th e increase in IFN-γ peaked before the actual viral peak in the blood at 10 dpi while IFN-γ and viral load peaked simultaneously in the spleen at 15 dpi. Virus-specifi c antibodies appeared at 15 dpi and were found to be strongly associated with viral load regression, although virus remained in the various tissues until the end of the experiment (25 dpi). A depression in the IL-2 levels was observed indicating immunosuppression and a delayed and ineffi cient virus clearance from the blood and other tissues. However, cytokine expression levels and their secretion from particular cell types like monocytes, heterophils, CD4 + T, CD8 + T cells and others during CIAV infections remains to be elucidated. Th is would provide further insights into the immunopathological mechanisms underlying the establishment of virus pathogenesis. Also, the persistence of virus even after the appearance of signifi cantly higher antibody levels needs to be examined further to understand the mechanisms of latent viral infection in the case of CIAV, its role both in the spread of the disease under fi eld conditions as well as its association and interaction with other lymphoid oncogenic viruses like Marek's disease virus, in order to determine their evolutionary signifi cance.
